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EFFECT OF '93 ON 1994 SOIL FERTILITY DECISIONS 
Regis D. Voss 
Professor 
Extension Agronomist 
Iowa State University 
Because Iowa soils were saturated frequently and some were flooded for various lengths of 
time, questions arise on whether fertilizer practices should be adjusted in 1994 for these 
situations. These questions deal with nitrogen fertilizer rates and time of application, potential 
changes in soil test values, and potential fallow syndrome on soils that were flooded . 
Nitrogen 
The excessive wet soil conditions of 1993 not only caused nitrogen deficiencies to be 
prevalent in most of Iowa's corn fields, but also prevented the application of fertilizer nitrogen or 
delayed it way beyond normal application time in many cases. Losses of nitrate-nitrogen from 
soils by either denitrification or leaching or both undoubtedly occurred. 
Although the general concern is usually about losses of nitrogen from fertilizer nitrogen, 
losses of soil nitrogen may have been even more detrimental in 1993. Two sources of data point 
out that the soil is the primary source of nitrogen and fertilizer is a supplementary source of 
nitrogen for corn production (Tables 1 and 2). 
Table 1. Nitrogen uptake by corn from an average of six site-years of data in Iowa (adapted 
from Blackmer and Sanchez, 1988. Agron. J. 80:95-102. 
Nitrification Total N Uptake from Uptake 
N rate inhibitor uptake fertilizer from soil 
lb/acre - - - - - - - - - - - - - - lb/acre - - - - - - - - - - - - - -
0 56 56 
100 110 39 71 
100 + 114 44 70 
200 135 62 73 
200 + 134 63 71 
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Table 2. Nitrogen uptake ·by corn grown on an irrigated silt loam soil in Nebraska (adapted 
from Francis, Schepers and Vigil, 1993. Agron. J. 85:659-663) . 
N rate 
67 
134 
200 
267 
Total N 
uptake 
77 
109 
146 
173 
lb/acre 
Uptake from 
fertilizer 
16 
41 
58 
96 
Uptake 
from soil 
61 
68 
88 
77 
Corn 
yield 
bu/acre 
108 
148 
164 
164 
Mineralization is generally used to describe the process of converting organic nitrogen into 
the inorganic nitrogen by soil micro-organisms. The first step in this process is ammonification 
or release of ammonium from organic nitrogen. Ammonification can take place in saturated soils 
that are anaerobic, but nitrification will not occur in anaerobic conditions. Temperature will 
affect the ammonification process. As soils become aerobic, nitrification takes place. In 1993 
frequent sequences of anaerobic and aerobic conditions occurred and these led to sequences of 
losses by denitrification and leaching. A presentation elsewhere in this conference discusses 
research results on nitrogen losses due to excessive moisture conditions in different soils. 
In addition to losses of nitrogen excessive soil wetness limited depth of root development. 
Roots will grow into soil with a proper air-water relationship, but not to any extent into 
saturated soil. A normal rooting depth is considered to be five feet in Iowa soils, but this was 
not the situation in 1993. Nitrate nitrogen that was leached to the 4- to 5-foot depth was not 
available to the corn plant, compounding nitrogen deficiency. Saturated soils affected the normal 
respiration of plant roots and the uptake of nutrients, further compounding crop growth. 
Suggestions for 1994 
Com after com. Assume there will be very little residual nitrate-nitrogen remaining from 
1993. Use the standard yield goal times the factor appropriate for your part of the state and take 
the appropriate credits for animal manure, etc. Alternatively, before planting apply half to two-
thirds of the amount calculated and use the late spring soil nitrate test to fine tune your fertilizer 
management in early June. Do not apply extra nitrogen fertilizer to compensate for 1993. 
Com after soybeans. Calculate nitrogen fertilizer requirements based on yield goal and the 
factor appropriate from your area of the state. Reduce the amount applied by 1 pound of 
nitrogen for each bushel of soybean produced in 1993. In cases where soybean yields were low, 
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take at least a twenty pound nitrogen per acre credit. Alternatively, apply before planting half to 
two-thirds of the amount calculated and use the late spring soil nitrate test to fme tune your 
fertilizer management in early June. Do not apply extra fertilizer to compensate for 1993. 
Corn after alfalfa. On fme-textured soils apply 0 to 50 pounds of nitrogen per acre 
regardless of stand or tillage. 
Fall nitrogen applications. Our position has not changed in recent years on fall 
application of nitrogen. There is no reason to think that a fall application of nitrogen will result 
in higher corn yields than a spring application. And, the longer it is in the soil before it is used 
by plants, the greater the risk that losses may occur. Loss of nitrogen from soils is usually due to 
leaching or denitrification. Both of these mechanisms are directly related to soil moisture and 
precipitation. Table 3 is an expression of potential loss of nitrogen due to a combination of 
current soil moisture and expected spring rainfall. The higher the number (1 to 6) the greater the 
risk of loss of nitrogen. The soil moisture this fall was at field capacity and will undoubtedly be 
that this coming spring. We would expect normal rainfall in the spring and would expect the 
combinations of 5 or 6. Conditions for potential loss of nitrogen are high. Under these 
conditions the best course of action would be to apply nitrogen fertilizer in the spring. If fall 
nitrogen applications must be made, wait until the temperature four inches below the soil's 
surface is 50° F and cooling. Anhydrous ammonia is the only form of N fertilizer recommended 
for use because it should have the slowest rate of conversion from ammonium into the mobile 
nitrate form of nitrogen. Use of a nitrification inhibitor may reduce N losses under these 
conditions. 
Table 3. Combinations of fall soil moisture and expected spring rainfall. 
Fall soil moisture 
Below field capacity 
Field capacity 
Expected April-June rainfall 
Below normal Normal Above normal 
I 
4 
Nutrient Availability 
2 
5 
3 
6 
There are questions concerning the nutrient availability in fields that could not be fertilized 
this year, in fields where the crop was destroyed, or in fields that were flooded or saturated for a 
period of time. An educated guess isn't as good as a well-sampled field and soil test results. 
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In fields where the whole crop was destroyed most of the nutrients contained in the crop will 
eventually become available, but not all for the 1994 crop. A soil test this fall or next spring may 
reflect the return of potassium but not phosphorus. The potassium can be leached from crop 
residue, but the residue must be decomposed and the phosphorus mineralized by soil organisms 
before it will be available to plants. Nitrogen is similar to phosphorus in its availability from 
crop residue to growing plants. 
Soil test results for fields that were flooded for an extended period of time can be affected. 
Soil pH will tend to move towards neutral. Flooding increases soluble phosphorus and this could 
increase extractable phosphorus. When soils dry, however, the fixation of phosphorus can be 
more extensive and result in less available phosphorus. Potassium is least affected by flooding. 
In fields where silt has been deposited, soil testing is recommended to determine if nutrient 
availability is higher or lower than before flooding. 
Depending on the length of time that soils have been flooded or supersaturated, chemical 
reducing conditions (oxidation-reduction potential decreases) are produced. This is due to the 
decrease in oxygen in the soil. The effect of this condition is affected by the soil organic matter, 
the inorganic make-up of the soil, and soil pH. In general as chemical reducing conditions 
increase, chemical changes in the soil occur in the following order: disappearance of oxygen, 
reduction of nitrate, reduction of manganese to divalent form, reduction of iron to divalent form, 
formation of sulfide, and reduction of sulfate. Whether these effects of chemical reducing 
conditions will create a problem in 1994 for crops grown on Iowa soils is not known. Any 
deleterious effects from similar conditions have been identified on crops not common to Iowa 
and on soils with dissimilar chemical characteristics. Because of this, no special nutritional 
problems due to reducing conditions caused by flooding are predicted. 
Suggestions for 1994 
Don't guess, soil test. General effects from either crop loss, flooding, or silt deposition do 
not favor making accurate predictions on nutrient availability. 
Fallow syndrome 
Fallow syndrome describes a situation where a crop, usually corn, is grown on a soil that 
was fallow in the previous year and the corn shows extreme stunting, purple or light green color, 
and poorly developed roots. The result is a very reduced yield. Fallow syndrome has been 
observed primarily where, in the previous year, a field was either mechanically fallowed to keep 
weed growth down, or a corn or soybean crop was destroyed by hail or flood and it was too late 
or not possible to establish another harvestable crop. 
The effect is due to fallow-induced deficiency of phosphorus. Studies have shown that corn 
grown on land that was not cropped the previous year will have root systems with unusually low 
levels of vesicular-arbuscular mycorrhizae (VAM). Mycorrhizae are beneficial fungi that aid the 
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plant in obtaining phosphorus from the soil The fungi may be simply thought of as an extension 
of the root hairs. To maintain mycorrhizae populations in the soil, growing plants must exist. 
The fungal partner cannot multiply without living plant roots and the population declines during 
fallow years, resulting in poor root colonization and symbiotic effectiveness with the next crop. 
Plants commonly grown in Iowa, including most weeds, will support the mycorrhizae population. 
Flooding, in itself, does not destroy the mycorrhizae population. 
Fallow syndrome has been observed in Iowa on several occasions. In the year previous to a 
current crop either the ground was kept mechanically fallow in compliance with a government 
program, flooding occurred and killed the crop, or a mid-season hail storm destroyed the crop. 
When it is observed, it is too late to apply treatments to attempt to correct the problem. 
Research at South Dakota State on soils that were kept mechanically fallow the year 
previous to growing a crop provides some information on response to placement of fertilizer 
phosphorus for corn and soybean. The experimental site, located on the Southeast Experiment 
Farm of South Dakota State University, was kept fallow in 1983. The P soil test was 8 ppm, the 
K soil test was 365 ppm and soil pH was 6.9. Corn and beans were planted May 24, 1984. 
Fertilizer phosphorus was applied broadcast just prior to planting or in a starter band 2 inches to 
the side and 2 inches below the seed at rates of 0, 20, 40 and 80 lbs P20 5 per acre. The effect of 
the fertilizer phosphorus on early growth measured on July 3 and on final grain yield of corn and 
soybean is shown in Table 4. 
Table 4. Plant height, grain yield and corn grain moisture in fallow study at Southeast South 
Dakota Experiment Farm (adapted from Fixen, Gerwing and Farber. 1984. Progress 
Report for Southeast Experiment Farm. South Dakota State University. pp. 72-80). 
Treatment Plant height Grain :tield Corn grain 
Placement Rate Corn Soybean Corn Soybean moisture 
lb P20 5/acre inches bu/acre % 
Broadcast 0 15 7 115 37 27.0 
Broadcast 20 17 8 124 40 26.1 
Broadcast 40 15 7 119 40 26.6 
Broadcast 80 17 10 123 40 25 .6 
Starter 0 14 7 117 35 27 .0 
Starter 20 27 10 135 39 24.8 
Starter 40 27 10 132 39 22.5 
Starter 80 30 10 146 45 24.2 
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Broadcast P was ineffective in increasing early growth of corn, but starter P doubled the early 
growth. Broadcast and starter P had about the same effect on growth of soybean. Corn yields 
were increased by both methods of placement, but yields reached a maximum of 146 bu/acre with 
starter and only 123 bu/acre with broadcast P. The P treatments also reduced corn grain 
moisture. There was no non-fallow treatment in this study to compare the results with. 
A subsequent study was conducted in 1986-1988 to evaluate the effects of fallow, crop 
rotation, tillage and residual P on the incidence of mycorrhizae of corn and to evaluate the 
relationship of mycorrhizae colonization of corn roots and early growth response to P. Two soil 
test P levels of 12 and 45 ppm were established. The cropping systems were moldboard plow 
(MP) corn following fallow, MP corn following barley, MP continuous corn, ridge plant (RP) 
corn following soybean, and RP continuous corn. The effect of the treatments on early growth 
of corn is shown in Table 5. In general, for the low soil P level the dry matter production per 
plant was highest for the ridge plant corn soybean cropping system and lowest for the moldboard 
plow corn fallow system. The increase in dry matter production due to the higher soil P level 
was greatest for the moldboard plow corn fallow cropping system and least for the ridge plant 
corn soybean system. 
Table 5. Growth response of corn at the V6 vegetative growth stage to P fertilization as affected 
by cropping systems (adapted from Vivekanandan and Fixen. 1991. Soil Sci. Soc. 
Am. J . 55:136.,140). 
Dry matter production 
Cropping system 1987 1988 
Tillage1 Prior crop P-122 P-45 P-12 P-45 
- - - - - - - - -
MP Fallow 1.2 5.6 
MP Barley 2.0 4.5 
MP Corn 3. 1 4.7 
RP Soybean 4.8 5.2 
RP Corn 2.9 3.5 
1MP = moldboard plow, RP = ridge plant. 
2Established soil test P levels of 12 and 45 ppm. 
3Percent growth increase; (P45- Pl2)/Pl2 x 100. 
g/plant - - - - - - - -
2.8 12.7 
8.3 13.4 
7.6 12.0 
9.7 10.2 
6.7 8.7 
Growth response3 
19~P 1988 
% 
367 353 
125 61 
52 58 
8 5 
21 30 
The effects of the cropping systems and soil P levels on mycorrhizae are shown in Table 6. 
The data are expressed as percent of root length colonized. The least colonization of roots 
occurred in the moldboard plow corn fallow cropping system and the greatest in the ridge plant 
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corn soybean and continuous corn systems. The moldboard plow corn, barley and continuous 
corn systems had somewhat less mycorrhizae colonization of the roots than the ridge plant 
systems. The higher soil P level had a definite reducing effect on colonization. There is an 
inverse relationship between mycorrhizae colonization of roots and early growth response of corn 
to the higher soil P levels. 
Table 6. Tillage, crop rotation and residual P effects on vesicular-arbuscular mycorrhizae 
(V AM) colonization at the V2, V6 and V12 vegetative growth stage and R1 
reproductive stage (adapted from Vivekanandan and Fixen. 1991. Soil Sci. Soc. Am. 
J. 55:136-140). 
V AM colonization 
Crom,"!ing S:tstem 1987 1988 
Till- Prior V6 Rl V2 V6 Vl2 Rl 
age crop Pl2 P45 Pl2 P45 P12 P45 Pl2 P45 Pl2 P45 Pl2 P45 
- - - - - - - - - - - - - - - - - - % root length colonized - - - - - - - - - - - - - - - - -
MP Fallow 6 19 5 2 9 2 20 9 21 10 
MP Barley 12 32 17 5 21 7 26 11 29 14 
MP Corn 18 40 18 7 22 10 29 10 31 15 
RP Soybean 23 50 26 12 28 13 33 12 43 19 
RP Corn 26 51 25 11 26 11 30 14 42 16 
Suggestions for 1994 
Where growing plants (crops, weeds or an established seeding) existed, fallow syndrome is not 
likely to occur. Soybeans are less likely to be affected than corn. At high soil test P levels the 
fallow syndrome effect will be lessened, but it is not known at what soil test P level it will not be 
noticeable. Where it can be a potential problem, a starter band of a high analysis P fertilizer 
should be applied for corn. A rate of 40 lb P20 5/acre or more is suggested. Broadcast 
applications of P fertilizer are not effective in correcting a severe fallow syndrome problem. 
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